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The practice mosi used in assi@ing load factors to new
airplanes has been an arbitrary specification based primarily
upon e~erience. The chief consideration in determining the
factor has been the intended use of the airplane. It has long
been reco~ized that the dimensions and performance of an air-
plane have a profound influence upon the load factor in flight
but no satisfactory formula is now in use for accurately con–
sidering these influences. For instance, since the World l~ar,
fighting airplanes have improved greatly in performance due,
chiefly, to improved
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inversely as the squa~e root of gross weight. Highly maneuvera-
ble airplanes are at present limited to a gross weight of ap-
proximately 3000 pounds and less. It seems rational, therefore,
.
to modify the maneuverability factor in such a way a= to re-
duce the effect of size for airplanes within the 3000-pound
class. Assume tht a 500–pound airplane should have a constant
20 per cent higher than a 3000-pound airplane.
1.2 J“--2 = J 3000 + KZ
Kz = 5200; let K2 = 5000
Then, neglecting .perform~oe:
,,...1 .
F’= 1.75+ K
J 5000 + w
. The performance factor is ordinarily neglected in &o far
. as differentiating between airplanes within a claGs is con–
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cerned. Its importance, however, is very generally recognized.
An airplane with a great deal of excess power naturally inspires
confidence and will be maneuvered more than an airplane of less
power. Theoretically, the load factor developed in a zoom ex-
tending over the burble point depends upon the square of the
ratio of air speed to stalling speed. A pilot soon becomes ac-
customed to flying an ail-plane at its maximum horizontal speed.
Attainment of a speed greater than the maximum horizontal speed
requires pzolonged diving flight, a very uncomfortable attitude,
and the pilot is instinctively cautious in maneuvering at the
finish of a dive. The maneuverability factor should, therefore,
- be a function of the square of the ratio of the maximum horizon-
tal speed to stalling speed.
The formula may now be written:
.
.. .. . .
2
F = 1.7’5+ ()
‘a K
vs.) J5000+~
where F = load factor
Vm = maximum horizontal speed
VB = stalling speed
w = gross weight
K = a constant
The vqlue of the constant K, must ultimately be checked
by practical experience, but a tentative value may be assigned
,
through semitheoretical consideration~. The true 8afety factor
.
for an extremely maneuverable fighting airplane would be based
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t
on an ultimate load which is occasional and not a working load.
It may, therefore, be rationally somewhat less than 1.75, say
1.5. Making allowance ,f,or,~he constant first term of the formu-
la, the value of (
K \\ ~hould eqtialless than 1.5, say
J5000 + w~
1.ZJ5. AssUOe that the gross Weight equals 3000 pounds: Then,
,..,
/-+=--42”
K= 1.25X
A/ 8000
= 111.7
“.
For simplicity, let K= 112. Then the complete formula may be
writtenl
The best class of airplanes with which to check a load fac-
,
tor formula seems to be those which have experienced structural
failure. Table I comprises a list of the airplanes which have
experienced failure in flight definitely traceable to the wing
structure. The load factor by formula is observed to be greater
than the designed strength in each ca6e, without a single excep-
tion. Table 11 compares the load factor by formula with the de-
signed strength of a nmber of well-known service types. The
formula ind~.altes that, by far, the majority of thesq ti~e ~Ple .
structural ~tren~th. Of the exceptions it may be said that ~
.
of the thin ice ~,hicha skater negotiates without breaking
.
through is not necesfiarily safe.
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One important point well demonstrated by the formula is the
fact that overloading is not neazly so serious as an increase in
power. No case comes to mind where overloading has led to struct-
ural failure+ The maxihum load on the wings in a maneuver
equals the speed squared, times t’newing area, times the maxi–
mum lift coefficient. If maneuvers are confined to the horizon=
tal speed range of the airplane, the maximum loading in a maneu–
ver is definitely limited and is really reduced by overloading
because the maximum speed is reduced. The ~W stresses are,
however, increased by over:.~ading.
The ultimate test of a load factor fo~ula is experience.
The chief advantages of a semirational fo~ula over arbitrary
factors are that it fairs in between points of experience and it
.
differentiates accorrling to variables within a type. Structural
,
failure of an airpkxe apparently safe according to the formula
would call for a specific change in the formula. Failure of an
extremely large airplane or of an
would call for an increase in the
airplane
constant
of mall speed
1.75. Failure
range
of an
airplane of large speed range would call for an increase in the
constant 112. Failure of an extremely small airplane would call
for a decrease in the constant 5UO0.
The factor given by the formula refers to the high inci-
dence condition. It ia believed practical to assign factorf3fOr
,
.
other flight conditions by proportion. The constants derived
.
fOT the proposed formula are ba6ed upon experience with military
N.A.C.A. Technical Note No. 263
airplanes. It is probable that commercial
6
re-
quire a slightly higher true factor of safety but the basic
loads would be generally lower. The constant 1.75, should be
increased and
the former is
the constant 112, reduced. A suggested value for
2.00, and for the latter, 100.
TABLE 1,
Structural Failures.
~ Gross L.F.
Model Vm Vs Vs weight byformula
DVII (300 HP. ) 143.!5 54.5 2.63 2462 10.75
PW-7 I 156.2 I 57.0 I 2.73 I 3269 I 10.95
R-6 Racer 224.4 75.0 2.99 2230 13.55
R2C-1 Racer 247.0 75.0 3.30 2151 16.18
MB-3A 160,9 58.0 2.77 2485 11.69
Uo-1 122.0 55*5 2.20 2508 8.021 I I
L.F. L.F. by
Model by De6i~ static R e ma r ks
SD–24B L.F. test
DVII (300 w.) 12 (8.45) St:$ic test L.F.
proportion
PW-7 12 8.5 “9*OO
?$ir~:?&h;a%_?’:8 g
R-6 Racer 12 8.5 11.50
R2CJ-1~~er 12 10.6
MB-3A 12 8.0 10.3
Uo–1 7*5 7.0 (6.8)
Average strength/L.F. by formula = .828
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T.4BLE II.
No Known Structural Failure.
Model
F5L
H–16
SC–2
DT–2
N9-H
JN4H
NB-1
DH4B
. VE- 7
OL–2%
F6C-3
F&5
TS-I
D-VII
(160 ~.:
Vm
89.7
95.0
100 l 7
99.5
80.0
93.0
97.6
120,0
118.5
121.3
165.0
170.0
122.8
115.0
v~
52.3
52.7
55.0
51,2
44.5
44.4
47.?
55.7
52.2
57.0
61.5
60.0
50.2
53.0
1.715
1.805
1.83
1.94
1.80
2.09
2.04
2.15
2.27
2.13
2*68
2.83
2.45
2.17
v
13,600
10,900
9,352
7,291
2,7S5
2,017
2,840
3,876
2,175
5,010
2,941
3,130
2,123
2,005
L.F,
by
for-
mula
4.17
4.74
4.88
5.54
5.87
7.53
7.01
?.25
8.58
7.82
10.76
11.70
9.73
8.07
L.F.
by
SD24B
4.5
4.5
5.0
5*O
7.5
7.5
7.5
7.5
7.5
7.5
12.0
12.0
12.0
12.0
Probable
strength
4.7
4,8
5*2
4.7
5,9
8.0
8.0
6,5
8.0
7.0
12.3
12.0
7.0
10.7
.
Average strength/Load factor by formula = 1.023.
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Model
PB-1
PN-10
TB-1
TN-1
T3M-2
F6C-4
FU-1
F3W-1
00-1
02U–I.
Fighte]
Vm
125
114,
118.7
121.6
121
162
124
162
150
149
VG
69.2
64,3
59.5
59.4
57.4
58.0
52.5
56.6
60.0
50.0
TABLE III.
New Service Types.
T
h
V*
1,81
1,77
2.00
2.04
2.11
2.79
2*36
2.86
2*5O
2.98
26,822
3.9,029,
~(),265
10,535
10,110
2,5a2
2,452
2,128
4,253
3,097
Load factor
‘ormula
3.80
4.01
5.39
5b59
5,80
11975
8.97
12.61
9.05
12.81
SD–24E
4*O
4*5
5.0
5,0
5,0
12*O
12,0
12.0
7.5
9*O
8
.
SD-24A
4
5
5
5
5
7
7
?
6
6
l
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